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This  report  refers  to  the  historical  background 
of  icebreaker  design,  discusses  the  merits  of  the 
theoretical  work  done  and  suggests  the  criteria  to 
be  adopted  for  determining  shell  plating  and  framing 
structure . 


Reference  is  al^^o  made  to  the  effect  of  aspect 
ratio  on  shell  thickness  with  corresponding  curves. 
Corrosion  of  icebreakers  is  also  briefly  discussed. 

A  brief  summary  of  the  work  presently  in 
progress  and  recocmendacions  for  the  conclusion 
of  work  are  also  given. 


Thif  Certificate  it  iitued  upon  the  terms  of  the  Rules  and  Regulations  of  the  Society,  >Ahich  provide  that: — 

**The  Committees  of  the  Society  use  their  best  endeavours  to  ensure  that  the  functions  of  (he  Society  are  properly  executed,  but  it  is  to  be 
understood  that  neither  the  Society  nor  any  Member  of  any  of  its  Committees  nor  any  of  its  Officers.  Servants  or  Surveyors  is  under  any  circumstances 
wbaMver  to  be  held  responsible  or  liable  for  any  inaccuracy  in  any  report  or  certificate  issued  by  the  Society  or  its  Surveyors,  or  in  any  entrv  in  the 
Regtater  Book  or  other  publication  of  the  Society,  or  for  any  act  or  omiuion.  default  or  negligence  of  any  of  its  Committees  or  any  Member  thereof, 
or  of  the  fomyora,  or  other  OAodre,  Servants  or  Agents  of  the  Society.'* 


N.  (Bps.  fec^Lcn.)  (HAoe  m  ranm  in  rNOLANO) 


1,  Historical  Bacl:~round 


The  evolution  oi  the  present  day  icebreaker 
hull  design  has  been  basad.  on  practical  experience 
gained  in  breaking  ice.  Hull  form  is  extre-nely 
important  as  the  impact  and  icebreaking  efficiency 
of  a  hull  is  a  airect  function  of  the  hull  lines. 
Hydrostatic  loads  are  not  generally  significant 
when  compared  I'.'ith  ice  pressures  particularly  v.'hen 
navigating  in  polar  ice. 

In  the  past  empirical  methods  have  been  applied 
to  the  hull  structure  vjith  scantlings  at  the  ends  of 
the  vessel  made  heavier  tnan  midships.  The  determin¬ 
ation  of  ice  pressure  is  very  difficult.  Pressure  can 
vary  quite  conside :-a:'ly  over  a  field  of  ice,  for  ice  in 
a  small  block  may  have  quite  a  high  compressive  strength 
whereas  when  the  block  becomes  part  of  an  ice  field  it 
may  not  be  of  such  importance  due  to  the  inertia  effect 
of  the  ice  field,  for  large  Polar  icebreakers  it  has 
been  the  custom  to  design  the  structure  to  withstand 
the  maximum  ice  .iressure  likely  to  be  met  in  service 
at  the  Poles.  A  large  icebreaker  will  have  a  greater 
mass  than  a  smaller  icebreaker  hence  increasing  the 
scantlings  of  a  small  icebrcalcer  to  that  of  a  large 
icebreaker  will  not  necessarily  mean  ein  increase  in 
icebreaking  capability.  The  first  icebreakers  were 
in  fact  icebreaking  tugs  operating  in  thin  river  ice, 
and  they  gradually  increased  in  size  with  icebreaking 
requirements  and  range.  In  general  icebreakers  v/ere, 
and  still  are  to  a  large  extent,  built  to  the 
requirements  of  national  authorities  rather  than 
merchant  shipowners  and  the  strength  requirements  and 
even  the  design  of  hull  structure,  have  not  in  general 
followed  an  overall  strength  standard  as  is  common 
in  merchant  ship  construction.  It  has  been  the 
requirements  and  philosophy  of  the  individual  authority 
that  has  quite  often  decided  the  type  and  strength  of 
structure  required  and  in  general  the  scantlings  have 
been  in  excess  of  those  required  by  the  Classification 
Societies. 
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This  meikes  comparison  difficult  between  the 
scantlings  of  individual  icebreakers, 

2.  Theoretical  Approach 

Most  of  the  theoretical  work  done  on  vessels 
working  in  ice  has  been  carried  out  by  Russian 
engineers  and  is  generally  of  a  highly  mathematical 
content . 

References  are  given  at  the  end  of  the  report 
to  the  papers  mentioned  below  and  the  main  puirpose 
of  discussing  the  papers  in  this  report  is  to 
highlight  the  advantages  and  disadvantages  of  each 
paper  in  turn  as  they  apply  to  the  practical 
structural  design  of  an  icebreaker  hull,  and  to  see 
if  use  can  be  made  of  the  theories  propounded. 

Paper  No ,  1 .  '*Ice  Loads  Acting  on  Ships"  by 
M.K.  Tarshis. 

This  paper  sets  out  to  determine  the  impact 
load  of  a  vessel  hitting  the  ice  auid  the  area  of 
hull  in  contact. 

The  basic  formula  put  forward  is  of  the  form 

Impact  load  •  Speed  x  Angle  of  blow  /  Rel.mass  and  rel. 

rigidity 

The  author  specifies  the  strength  of  ice  in 
crushing  aind  bending  and  assumes  that  the  crushing 
strength  of  ice  is  the  criteria  for  determining  the 
load. 

It  is  necessar  to  know  three  angles  namely 

(i)  Angle  between  the  tangent  to  the  waterline 
at  the  point  of  impact  auid  the  fore  and 
aft  plane  of  the  ship; 

(ii)  Angle  between  the  tangent  to  the  frame 
at  the  point  of  impact  and  the  plane  of 
the  frame; 

(iii)  Angle  between  the  tangent  to  the  buttock 
line  at  the  point  of  impact  and  the  plane 
of  the  frame. 


A  numerical  example  is  given  in  the  paper  for 
a  small  icebreaker  of  655  tons  displacement  in 
contact  with  a  round  floe  d  =  25  metres  and  1  metre 
thickness.  The  required  information  on  hull  form, 
speed,  draft,  etc.,  and  point  of  contact  is  given 
to  enable  the  example  to  be  solved,  from  which  a 
contact  load  of  220  tons  is,  deduced.  A  load  area 
is  also  deduced,  which  in  this  example  is  given  as 

1.18  metres  thick  x  0.46  metres  long 

An  example  has  been  worked  by  Lloyd's  ntrgibi,er 
using  the  formulae  and  assumptions  of  the  author 
for  a  large  vessel  of  about  the  size  of  "MOSKVA", 
having  a  displacement  of  15,000  tons  hitting  the 
ice  at  the  same  speed  and  same  relative  point  of 
contact  as  the  numerical  example  -  all  other  items 
being  unchanged. 

It  is  interesting  to  see  that  increasing  the 
displacement  by  about  25  times  only  increases  the 
load  of  impact  from  220  tons  to  291  tons  and  the 
load  bearing  area  now  becomes 

1.18  metres  thick  x  0.614  metres  long 

This  is  because  the  basic  formulae  used  by  the 
author  does  not  consider  the  relative  mass  of  the 
icebreaker  to  have  as  great  a  bearing  on  the  impact 
force  as  the  speed  and  angles  of  hull  form  in 
contact. 

Reference  to  the  basic  formula  shows  that 
doubling  the  impact  speed  will  double  the  impact 
load. 

A  further  example  was  calculated  by  Idoyd's 
Register  assuminr;  tne  "riOOKVA"  type  dimensions,  etc. 
with  the  same  contact  speed  and  angles,  but  this 
time  in  ice  5  metres  thick. 

The  resulting  impact  force  increased  by  2.9 
times  to  845  tons  and  the  load  bearing  area  became 

5.55  metres  thick  x  0.59^^  metres  long 


If  the  diameter  of  floe  is  assumed  infinite 
the  impact  force  increases  but  as  the  crushing 
strength  of  ice  does  not  incr'^ase,  the  spread  of 
the  load  increases  in  length.  A  check  was  therefore 
made  of  the  effect  on  the  impact  load  for  an  ice¬ 
breaker  of  the  “MOSKVA"  size  auid  hitting  an  infinite 
floe  and  the  impact  load  increased  as  a  result  by 
about  2^  times  with  a  corresponding  increase  in 
length  of  spread. 

It  is  claimed  that  the  hardness  of  the  ice  does 
not  affect  the  impact  load  but  rather  the  area  in 
contact.  Hard  ice  will  have  a  shorter  spread  than 
soft  ice.  Increasing  the  thickness  of  the  ice 
increases  the  actual  impact  load  but  not  the  intensity 
of  load. 

The  cirushing  strength  of  ice  used  in  the  examples 
is  570  Ibs/in^, 

By  using  the  assumptions  and  formulae  given  it 
is  theoretically  possible  to  determine  the  impact 
load  and  area  in  contact,  from  which  it  can  be  seen 
that  concentrated,  point  type  loads  aore  not  likely 
to  occur,  although  it  is  possible  for  one  single 
frame  to  be  loaded  by  a  hard  spot  in  the  ice. 

The  paper  has  a  high  theoretical  content  and 
requires  many  parameters  difficult  to  determine.  The 
relative  angles  of  the  hull  form  at  point  of  impact 
are  necessary  and  these  can  vary  quit^  appreciably 
in  a  relatively  short  distance. 

The  paper  is  useful,  however,  in  showing  that 
speed  and  hull  form  are  very  important  for  determining 
principal  hull  scantlings  and  also  that  point  loads 
need  not  be  taken  into  accoimt. 

Paper  No.  2.  "Impact  of  Ships  with  Ice"  by 
L.M.  Nogid 

This  paper  sets  out  to  determine  the  reduction 
in  speed  of  an  icebreaker  of  known  dimensions,  mass, 
hull  form  and  hull  strength  at  point  of  impact, 
assuming  two  crushing  ice  strengths  and  two  ice 
thicknesses. 


It  is  interestinc  to  note  that  assuming  a  ratio 
of  ship's  mass  to  floe  mass  of  20,  the  speed  is  about 
times  that  when  travelling  in  an  infinite  floe  mass. 

In  addition  the  maximum  speed  varies  in  direct 
proportion  to  the  maximum  load  which  the  ship's  hull 
can  withstand  at  the  point  of  contact. 

The  author  shows  that  the  force  required  to 
crack  the  ice  is  theoretically  quite  small  (about  7 
tons  for  an  ice  thickness  of  O.'’  metres  auid  a  crushing 
sti’ength  of  170  p.s.i.),  whereas  practical  data 
indicates  that  a  far  greater  force  has  to  be  applied 
to  break  the  ice  field. 

The  paper  goes  on  to  show  that  theoretically  the 
force  required  to  break  off  sectors  of  ice  is  more  than 
3  times  the  force  corresponding  to  the  beginning  of 
crack  formation. 

The  paper  can  be  su^mnarized  by  saying  that  knowing 
the  maximum  load  which  the  ship's  hull  can  withstand 
at  the  point  of  contact,  the  angle  formed  by  the  line 
of  impact  and  the  hull  form,  then  for  various  ice  floe 
diameters  the  reduction  in  speed  can  be  theoretically 
deduced.  The  area  in  contact  can  also  be  deduced 
knowing  the  crushing  strength  of  the  ice. 

The  author  reconunends  that  the  scantlings  of  a 
frame  should  be  sufficient  to  withstand  the  impact 
force  and  the  external  plating  should  be  based  on  am 
evenly  distributed  load  with  an  intensity  equal  to  the 
crushing  strength  of  the  ice. 

Again  the  paper  has  a  highly  mathematical  content 
and  is  difficult  to  apply  in  practice.  However,  it  is 
useful  in  showing  the  sort  of  speed  reductions  to 
theoretically  expect  when  operating  in  ice  floes  of 
bigger  and  bigger  dimensions. 

Paper  No.  3.  "Determination  and  Appraisal  of 

the  Structural  Strength  of  Ships 
Navigating  in  Ice  by  Recalculating 
from  the  Prototype  by  D.E.  Kheisin. 


In  this  paper  it  is  assumed  that  all  is  known 
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about  the  prototype,  includin’;  the  lines  and  the 
design  strength  of  the  structure. 

It  is  important  to  know  how  the  prototype 
stands  up  under  actual  service  conditions  and  true 
records  must  be  kept  of  damages  sustained,  the  angle 
of  such  damages,  the  ice  thickness  and  strength  and 
speed  of  ship  if  the  methods  proposed  by  the  author 
are  to  be  of  any  value. 

The  author  states  that  a  ship  navigating  in  ice 
will  be  subjected  to  two  types  of  force  irrespective 
of  its  type  and  duty,  namely  - 

1 .  Impact 

2.  Compression 

The  impact  loads  will  determine  the  necessary 
strength  of  the  ends  of  the  ship  and  the  compressive 
force  will  be  the  design  criteria  for  the  middle 
part  of  the  ship. 

It  is  assumed  that  the  loads  can  be  such  as  to 
cause  the  stresses  in  the  hull  structure  to  just  reach 
yield  point  in  the  particular  portion  of  the  hull 
under  consideration.  <■ 

The  strength  requirements  are  also  divided  into 
two  categories,  namely  - 

1.  Impact  and  2. Compression 
and  these  can  be  brief  1:,^  summarized  as  follows 

1.  Impact :  A  basic  formula  of  S  =  M^vi?  is 

C 

propounded  where  3  =  impact  force 

=  mass  of  ship 

V  =  speed  of  ship  at  contact 
^  &  C  are  pareuneters  depending  upon 

hull  form,  point  of  impact,  etc. 

A  further  assumption  is  made  that  the  above 

formula  is  for  impact  with  an  infinite  ice  field. 

Ice  friction,  elastic  deformation  of  the  ice,  and 
deflection  of  ice  framing  are  assumed  negligible  and 
in  thick  ice  bending  of  the  ice  field  is  ignored. 
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2.  Compression:  the  author  assumes  tuat 

tho  noverninr  criteria  is  the  crushiniT  strength 
of  the  ice.  ipf^ed  loes  not  enter  into  the 
calculations  in  tiiis  instance,  and  the  basic 
parameters  are  ice  pressure  and  angle  of 
framin'"  to  ice. 

It  is  suggested  that  lengr of  ship  has  som'' 
bearing  on  the  strength  of  the  side  frames  and  this  is 
due  to  the  fact  that  bending  of  ice  does  occur,  tae 
magnitude  of  which  depends  upon  the  L/B  ratio,  hull 
form  and  length  of  ship.  A.n  interesting  point  brought 
out  by  the  author  is  tint  if  a  vessel  is  all  parallel 
middle  body,  i.e.  no  flare,  length  does  not  have  any 
effect . 


The  formula  su  "gested  by  the  author  to  take 
account  of  length  is 


(i- 

(- 

(K 


o'^o 


ih 


and  being  coefficients 
of  prototype  and  design 
depending  upon  L/B  ratio. 


Using  i/ne  above  formula,  increasing  the  length  by 
30%  increases  the  requirement  for  design  strength  of 
the  side  frames  by  about  14;/. 


The  above  comir.ents  refer  to  the  strength  of  main 
framing  under  compression.  The  author  also  investigates 
the  hull  plating  under  compression  and  shows  that  shell 
thickness  is  directly  proportional  to  freune  spacing 
and  varies  as  the  square  root  of  the  yield  point  of  the 
material.  A  further  factor  is  brought  in  depending 
upon  ice  thickness  and  frame  spacing  and  shows  that  tne 
wider  the  ice  belt  the  tl.icher  the  shell  needs  to  be  with 
a  limitinp  ice  tnicknecs  of  1.6  x  frame  spacing.  This 
is  based  on  the  promise  that  the  intensity  of  loading 
is  proportional  to  the  ultimate  strength  of  ice  against 
crushing. 


The  author  aZso  assumes  that  the  critical  stresses 
occur  at  tho  mid  span  of  tse  plate  whose  edges  are 
assumed  to  be  rigidly  fixed. 


In  the  paper  tlic  frame  loading  is  assumed  to  act 
in  a  line  uniformly  distributed  at  mid  span  of  frames 


I 
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and  for  strincers  a  uniform  line  load  acts  directly 
on  the  strin-",er. 

Fig.  G  in  the  paper  shows  design  strength 
profiles  which  clearly  indicate  th't  shoulder 
pressures  are  very  high  and  need  careful  attention. 

Before  full  use  can  be  made  of  this  paper  it 
is  necessary  to  have  all  the  facts  of  the  prototype, 
the  damage  reports,  strength  criteria  of  hull,  etc., 
and  as  such  the  paper  is  not  directly  applicable  v;hen 
designing  a  completely  new  type  and  size  of  icebreaker, 
\inless  very  careful  researcn  can  be  done.  The  advantage 
of  the  paper  hov;ever  is  taat  the  author  suggests  that 
hull  strength  in  ice  should  be  approached  in  two  v/ays, 
viz.  Impact  and  Compression. 

The  Impact  formula  propounded  is  basically  of  the 
momentvim  type  dependin. :  upon  mass  and  velocity  and 
should  be  applied  to  tne  ends  of  the  vessel  and  for 
the  middle  portion  of  the  ship  the  structure  should 
be  designed  on  the  ultimate  strength  of  the  ice 
against  crushing. 

Paper  No.  4.  "I'letaod  of  determining  the  Stresses 
in  hecks  and  Transverse  Bulkheads 
Caused  by  Ice  Loads"  by  Yu.  N.  Raskin 

In  this  paper  the  author  attempts  to  calculate 
the  stresses  in  decks  and  bulkheads  under  a 
compressive  ice  load. 

With  regard  to  the  decks  the  author  divines  the 
deck  into  strips  with  tne  stringer  being  in  simple 
compression  dependin'"  only  upon  area  of  plating  and 
beams  in  contact  and  compared  with  the  iiuler  stresses 
in  the  stringer  including  beams  in  way.  It  is  then 
assumed  that  the  remaining  "bands"  of  plating  act  as 
short  beams  which  are  infinitely  rigid  as  regards 
bendinc;  and  which  work  in  shear  unler  the  action  of 
the  ice  loads.  It  is  'urther  assumed  that  between 
these  "baiids"  there  are  elastic  inserts  which  allow 
relative  movement  between  the  bands. 

This  is  a  theoretical  paper  making  several 
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assumptions  v/hich  the  author  contends  are  necessary 
if  very  laborious  colculations  are  to  be  avoided 
which  would  certainly  be  necessary  if  the  methods 
of  elastic  theory  wore  apnlied  to  structures  of 
this  type. 

It  is  difficult  to  visualize  how  tae  contents 
of  this  paper  ca  be  applied  in  practice  to  a 
complicated  hull  struccure  of  the  type  normally 
associated  with  icebreakers,  but  nevertheless,  it 
has  some  usefullness  in  uhat  it  shows  that  cross 
sectional  area  is  important  and  that  lenL'jths  of 
panels  between  supports  shoul;i  not  be  too  long  under 
the  action  of  a  compressive  ice  field. 

SU.'lIl/fRY  Or  TnbOhbTICAl,  •./bROlCH 

As  can  he  seen  from  the  above,  the  Husaan  work 
is  of  a  highly  theoretical  nature  with  many  of  the 
assvanptions  incalculable,  thus  making  practical 
application  difficult.  Despite  these  comments, 
however,  certain  guidance  lines  emerge  and  these 
are  briefly  summarised  as  follows. 

Icebreakers  should  be  designed  from  two  aspects 

1.  Impact  at  ends 

2.  Compression  at  miJ  length. 

Basically,  Impact  =  Speed  x  function  of  mass. 

Tarshis  brings  in  angle  of  blow  and  hull  fo'-ra  at 
point  of  impact.  He  does  not  place  much  emphasis 
on  mass  of  shin  and  considers  that  impact  force  varies 
as  ^  mass  x  10^.  He  further  considers  speed  and 
angle  of  blow  as  the  two  main  contributors  to  impact 
force.  Kheisin,  on  the  other  hand,  considers  that 
impact  force  is  a  direct  proportion  of  the  mass  of 
the  vessel  denendin^  upon  hull  form  and  speed  of 
ship. 

Nogid  states  that  ship's  mass  is  important  and 
shows  that  for  a  given  ship's  hull  strength  the 
speed  of  a  vessel  manoeuvring  through  small  ice 
floes  reduces  to  one  quarter  of  this  speed  when 
manoeuvring  in  an  infinite  ice  floe. 
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It  is  difficult  to  assess  theoretically  the 
effect  of  the  ship's  niass  viacn  striking  an  infinite 
or  finite  ice  floe,  but  undoubtedly  mass  has  some 
bearinc.  All  authors  seem  to  agree  that  impact  force 
is  directly  proportional  to  speed. 

The  scantlings  of  the  middle  length  should  be 
based  on  the  crushing  strength  of  ice. 

Hull  form  is  of  primary  importance  and  highly 
concentrated  loads  seem  unlikely,  hov/ever,  frame 
scantlings  snould  be  sufficient  to  withstand  a 
fairly  concentrated  load  placed  at  the  most 
unfavourable  point  and  shell  plating  shoula  be 
designed  on  a  uniformly  distributed  load  equal  to 
the  crushing  strength  of  the  ice. 

It  can  be  seen  that  it  is  theoretically  possible 
to  evaluate  formulae  based  on  physical  laws  v;hich  take 
into  accountspeed,  mass,  etc.,  but  this  approach 
does  not  appear  very  attractive  and  some  statistical 
analysis  of  existing  icebreakers  seems  unavoidable. 

It  may  be  that  such  an  analysis  will  produce  certain 
similarities  dependin  •  upon  speed  and  mass  which  lend 
themselves  to  the  adoption  of  simple  formulae  for 
determining  principal  hull  scantlings,  but  this 
remains  to  be  done. 

many  of  the  Russian  and  Finnish  icebreakers  built 
in  the  past  were  to  the  classification  of  Lloyd's 
Register,  but  their  class  was  withdrawn,  at  Owners' 
request,  at  a  later  date.  Although,  therefore,  it 
is  possible  for  Lloyd’s  Register  to  compare  existing 
designs  of  icebreakers  from  the  plans  available,  it 
has  no  extensive  damage  reports  under  known  service 
conditions  which  can  bo  studied  and  compared  with 
the  structures  adopted,  as  is  the  case  with  ordinary 
merchant  ships.  On  the  other  hand  one  can  conclude 
that  in  the  absence  of  evidence  to  the  contrary,  the 
structures  have  given  satisfaction. 
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5.  Structural  Strength  Criteria 
(a)  Shell  Flatin*^ 

Considerable  theoretical  work  has  been  done  on 
the  theory  of  stresses  in  flat  plates,  generally 
of  a  highly  nathematical  content,  the  nature  of 
which  makes  practical  application  difficult.  Much 
controversy  reigns  over  the  methods  and  theories 
expoiinded  and  to  date  no  single  method  has  emerged 
which  satisfies  in  a  practical  manner  all  the 
methods  of  clamping  and  loading. 

It  is  known  that  a  plate  will  withstand 
pressures  considerably  in  excess  of  those  required 
to  just  yield  the  plating,  and  as  an  example,  if  the 
bulkhead  plating  laid  down  in  Lloyd's  Register  Rules 
for  Steel  Ships  were  based  on  elastic  theory  alone 
they  would  need  to  be  considerably  thicker  than 
recommended. 

It  is  conve  -ieiit  to  consider  a  plate  loaded  in 
two  distinct  ways 

(i)  uniformly 
(ii)  concentrated 

(i)  Plating  Uniformly  Loaded 

It  is  assumed  that  uhe  backing  structure  is 
efficient  in  supportiniv  the  plating  and  all  edges 
are  clamped. 

It  is  necessary  first  to  define  the  criteria  for 
permissible  plate  pressure  and  several  investigators 
have  laid  down  their  own  criteria  ranging  from 
initial  yiela  with  zero  membrane  stress  to  a  msucimum 
permanent  set  under  pressure  of  2t. 

Reference  to  Tineshenko  and  Hoarke  assume  elastic 
theory  for  plating  with  small  deflections,  and  Hooke's 
Law  holds  for  tne  material. 

Simple  beam  theory  does  not  apply  in  practice 
and  it  is  generally  recognised  that  yield  stress 
should  not  be  the  criteria  but  rather  permanent  set. 

It  is  advisable  to  ignore  membrane  stress  for  thick 
plates.  Before  any  simple  formula  can  be  propounded 


it  is  advisable  that  such  theory  be  combined  with 
practical  experience  as  there  are  too  many  variables 
and  unknowns . 


Reference  is  jjiven  at  the  end  of  this  report  to 
a  paper  by  J.B.  Caldv.'cll ,  Ph.D.,  viz.  "Notes 

on  the  Structural  Design  of  V/elded  Ships"  in  which  a 
series  of  curves  is  ;iven  showing  the  permissible 
lateral  pressure  in  relation  to  breadth  and  thickness 
of  plate,  together  with  increase  in  pressure  against 
yield  strength  of  the  material. 

This  curve,  together  v?ith  the  various  criterion 
for  permissible  pressure  is  reproduced  in  this  report. 


It  cam  be  seen  that  on  a  fixed  spaciina  of 
stiffeners,  the  thickness  increases  as. 


pressure  anc. 


the  permissible  pressure  increases  as  Jyield  of  material, 
The  curves  range  from  initial  yield  with  zero  membrane 
stress  to  a  maximum  permanent  set  of  2t. 


For  a  large  icebreaker  v/ith  a  shell  thickness  of, 
say,  2"  over  a  frame  spacing  of  16" ,  2t  =4"  in  16" 
which  is  excessive. 


Lloyd's  Register's  Rules  for  bulkhead  plating 
are  based  on  a  plastic  collapse  with  zero  membrane 
stress  in  conjunction  v/ith  a  suitable  factor  of  safety 
(This  is  approximately  curve  DD^  in  Caldwell's  paper). 

In  general  it  v/ould  appear  reasonable  to  accept 
either  curves  or  DD^  in  Caldwell's  paper.  Curve 
DD2  is  for  a  permanent  deflection  of  0.25 J  (fy/E)  or 
S/150  for  mild  steel  plates  where  S  =  stiffener 
spacing.  This  would  be  about  1/lOth  inch  for  the 
icebreaker  plating. 

This  criteria  could  be  taken  as  the  normal  v/orkin 
condition  in  ice  and  if  desired,  curve  HH  could  be 
taken  for  the  worst  possible  loaded  condition. 

It  is  worthwhile  to  consider  the  increase  in 
permissible  pressure  by  considering  curves  DD2  and  H.-i 
assuming  S/t  -  120. 

2 

From  curve  DD^  pressure  equals  10  Ibs/in 

^  2 

From  cvirve  INI  pressure  equals  24  Ibs/in 

i.e.  an  increase  of  roughly  2p  times  normal  working 
pressure. 
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The  curves  assume  a.u  aspect  ratio  of  5*0  or  more 
and  exclude  corrosion  allowances. 

The  work  done  is  generally  confined  to  thin 
plating,  but  it  is  not  thought  that  thick  plating 
theory  will  be  substantially  different. 

As  stated  above,  the  work  has  been  confined  to 
an  aspect  ratio  of  5.0  or  more.  Timoshenko  says  that 
as  the  aspect  ratio  b/a  increases  the  maximum 
deflection  rapidly  approaches  that  for  a  plate  bent 
to  a  cylindrical  surface  obtained  by  making  b/a  equal 
to  infinity.  For  b/a  =  5.C  he  states  that  the 
difference  between  tne  deflection  of  an  infinite  strip 
and  the  finite  plate  is  about  6/  ,  from  vihic 'i  it  nay 
be  concluded  that  for  comparison  reasons  when  tne  b/a 
ratio  is  greater  than  5.0  the  calculations  can  be 
replaced  by  tnose  for  a  strip  without  substantial  error. 

Lloyd's  iicgister  has  made  its  own  investigations 
into  the  effect  of  aspect  ratio  on  plates  subjected 
to  a  uniform  pressure  ass-ming  plastic  theory  with 
zero  membrane  stress  and  assumes  a  maximum  aspect 
ratio  of  4.0. 


The  formula  adopted  by  Lloyd’s  Register  takes  the 
following  form 


1.1  — 


503 


where  s  =  stiffener  spacing  in  inches 
"  S  =  length  of  stiffener  in  feet 
from  support  to  support. 


3y  inserting  aspect  ratios  of  1.0,  2.0  and  5.0  into 
the  formula,  the  percenta  e  reduction  in  the  basic 
plating  formula  reduces  by  70/’,  90'/  and  90.?/ 
respectively. 


Curves  of  aspect  ratios  from  various  sources  are 
given  in  Fig.  1,  together  with  the  curve  aaopted  by 
Lloyd's  Register. 


It  can  be  seen  that  basically  any  formula  adopted 
for  plate  thickness  should  be  of  the  form 


t 


Factor 


oi 


P 


•  afety  x  Stiffener  Spacing  x 
resbure  +  Corrosion  Allowance. 


! 


I 
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(ii)  Platin. -  under  Concentrated  Loadinp; 

For  plating  unaor  tlic  action  of  a  concentrated 
load  it  is  important  first  to  decide  what  degree  of 
concentration  is  to  be  legislated  for. 

It  has  been  stated  earlier  in  the  report  that 
a  highly  concentrated  load  is  unlikely  in  ice, 
although  it  might  be  possible  to  have  a  "hard  spot" 
in  the  ice  of  such  a  compressive  strength  that  some 
concentration  is  possible. 

Most  of  the  theoretical  and  practical  v;ork  done 
has  been  confined  to  ship's  decks  relating  to  the  use 
of  fork  lift  trucks. 

Lloyd's  Register  has  done  some  experimental  v;ork 
on  the  loads  imposed  by  fork  lift  trucks  and  the 
effects  on  deck  platin  and  incorporated  the  results 
into  its  own  Rules. 

Other  work  has  also  been  done  by  other  authorities, 
but  generally  of  a  theoretical  nature  broadly  based  on 
Timoshenko. 

The  paper  produced  by  Lloyd's  Register  is  entitled 
"Investigations  into  the  Use  of  Fork  Lift  Trucks  on 
Board  Ship"  by  V.  Smith. 

In  the  paper  it  is  stated  that  overall  stress  will 
increase  with  stiffener  spacing,  but  maximum  stress 
(which  is  at  the  load)  is  not  related  to  frame  spacing. 
It  further  assumes  a  hypothetical  yield  stress  of 
25  tons/in  and  compares  the  v/heel  loads  with  plating 
thickness  and  shows  that  within  limits  wheel  area  in 
contact  has  little  or  no  bearin;:  on  plate  stress. 

It  is  important  to  realise  that  the  paper  works  on 
loads  and  not  pressures  and  that  the  criteria  adopted 
is  elastic  with  a  hypothetical  yield  stress. 

Although  it  is  recognised  that  highlv  concentrated 
loads  are  unlikely  in  ice,  the  purpose  of  mentioning 
plating  vinder  concentrated  loads  in  this  report  is  to 
emphasise  that  the  assumptions  made  for  plating  under 
concentrated  loads  are  aifferent  to  those  made  for 
plating  under  a  uniformly  distributed  load.  Under 
concentrated  loads  frame  spacing  has  little  or  no 
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effect  on  stress  and  actual  loads  should  be  used, 
whereas  for  plating  under  a  uniformly  distributed 
load  pressure  should  be  used  and  frame  spacing  has 
a  direct  influence  on  ci.rcss.  I'urthermore ,  plastic 
theory  with  a  specific  load  criteria  of  permanent 
set  is  assumed  for  platinp-  under  a  uniformly  dis¬ 
tributed  load  and  elastic  theory  in  conjunction 
with  a  hypothetical  yield  stress  has  generally  been 
assumed  for  platinn  under  a  concentrated  load. 

At  the  present  state  of  our  knowledge  it  is 
not  considered  advisable  zo  try  to  rationalize  the  two 
approaches  into  one  coix:.on  basis . 

(b)  ^ramin  ~  btrucunros 

^he  design  cf  a  ctructuxul  framework  may  oe 
considered  from  two  criteria,  namely 

(i)  plastic 
(ii)  elastic 

(i)  Plastic 

With  this  approach  the  limit  load,  is  decided  upon 
and  a  limit  analysis  made.  V.’ith  this  assumption  a 
more  realistic  limit  stress  can  be  obtained,  aind  it 
also  has  the  advantage  that  thermal  stresses  are 
eliminated  in  the  plastic  area,  and  full  account  is 
taken  of  the  total  energy  under  the  stress/strain 
curve. 

It  is  important  to  xnov;  v;hat  the  limit  loaa  is, 
however,  and  set  a  factor  of  safety  against  this  load. 
Plastic  theory  is  often  used  in  simple  truss  framev/orks 
where  the  collapse  load  is  more  easily  determinable 
and  the  interactions  of  corinecting  members  more 
readily  estimated. 

The  geometry  and  s  .ape  of  each  individual  section 
has  to  be  decided  upon  in  addition  to  the  normal 
elastic  modulus.  It  is  ai.portant  th'^t  adequate  lateral 
support  be  given  to  members  to  prevent  twisting,  for 
if  the  member  twists  it  will  probably  fail  at  the 
yield  point  of  t.no  .material. 

nuite  often  model  tests  are  carried  out  to 
determine  the  collapse  load  of  a  structure,  3n.d  in 
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tile  more  complicated  structures  full  scale  tests  have 
been  undertaken, 

(ii)  Elastic 

This  criterion  is  the  more  established  one  and 
limits  the  design  to  a  predetermined  stress,  generally 
not  exceeding  the  yield  stress  of  the  material.  The 
stresses  decided  upon  are  generally  the  result  of 
experience  gained  on  similar  structures  which  have 
given  good  service  v;ithout  yielding.  As  more 
knowledge  is  gained  of  a  particular  type  of  structure 
then  are  the  design  stresses  increased  accordingly. 


Although  it  can  be  argued  that  the  plastic  approach 
is  more  logical  and  that  once  the  collapse  load  is 
knovm,  what  loads  go  before  it  are  irrelevant,  it  is 
important  to  know  what  the  collapse  load  is.  Certain 
ship  structures  lend  taenselves  quite  readily  to 
plastic  theory  such  as  transverse  watertight  bulkheads 
where  the  hydrostatic  loads  are  more  easily  decided. 

For  an  icebreaker,  however,  reference  to  the  theoretical 
vicrk  given  earlier  in  this  report  demonstrates  that  the 
forces  acting  during  icebreaking  are  not  known  with 
amy  certainty  and  this,  coupled  with  the  quite 
complicated  structure  generally  adopted  in  icebreakers 
would  make  it  inadvisable  to  adopt  plastic  theory  for 
determining  principal  framework  structures. 

Until  further  research  is  done  on  actual  ships 
or  full  scale  or  model  tests,  it  is  suggested  that 
elastic  theory  be  adopted  for  frameworks  with  a  design 
stress  equal  to  the  yield  stress  of  the  material. 

4.  Corrosion 

The  rate  of  corrosion  for  the  hull  of  an  icebreaker 
is  far  greater  than  for  a  normal  cargo  vessel.  Taic  is 
because  of  several  reasons  -  the  principal  ones  being 
as  follov/s 

(i)  during  the  action  of  icebreaking  large  amounts 
of  oxygen  are  released  causing  corrosion 
acceleration; 
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(ii)  Salt  corxcntratlonr.  -will  probably  be  greater 
particularly  juat  uu  .er  the  ice  at  water 
level ; 

(iii)  Stress  concentrations  accelerate  corrosion 
locally  particularly  in  way  of  the  actual 
contact ; 

(iv)  Abrasive  forces  are  greater  than  for  a 
normal  cargo  vessel. 

According  to  an  article  written  by  riessi-s.  hennie 
and  Turnbull  in  the  April  196^  edition  of  "Materials 
Protection",  the  Canadian  icebreaking  ferry  " Ai  'X/.v'/.IT" 
showed  a  metal  loss  estimated  to  be  about  b"  from 
19^  to  1951  in  the  forv/ard  and  after  hull  plates. 

Early  in  1953  another  appraisal  was  made  and 
this  time  pittin  ;  had  occurred  to  an  average  depth  of 
■g"  to  3/16",  with  a  maximum  depth  of  -i".  yeld  metal 
had  corroded  to  such  an  extent  that  the  remaining 
weld  material  was  as  much  as  i"  below  the  surface  of 
the  adjacent  plates.  This  means  that  the  corrosion 
rate  for  this  vessel  was  bctv;een  -2"  to  v"  over  a 
seven-year  period. 

In  conclusion  it  can  be  seen  that  corrosion  is 
excessive  on  an  icebreaV.er  and  a  good  margin  has  to 
be  added  to  the  bare  designed  thickness  to  counteract 
this . 

5.  Work  in  Progress 

An  elastic  structural  analysis  is  presently  being 
studied  for  two  large  icebreakers,  namely  U.A.C.G. 
"GLACIER"  and  U.E.o.R.  "MOoCO'v",  by  use  of  coraputei'. 

The  object  of  these  analyses  is  to  determine 
the  structural  effectiveness  of  tv;o  icebreakers 
designed  from  different  structural  philosophies,  and 
to  compare  the  advanta  'os  of  one  system  witti  anocl.cr. 

The  structural  philosophy  of  "GLACIER"  assumes 
a  system  of  trussed  frames  of  equal  spacing  and 
strength  fnrou.-hout  t:  o  mid-length,  supported  by  the 
longitudinal  bulkheads  -ano  girders.  The  "MOoCOV/" 
assumes  a  systei;  of  mait.  frames,  web  frames  and 
horizontal  girdtrs. 
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Because  of  the  structural  repetitiveness  of 
"GLACIEK"  a  two-dimensional  analysis  using  IBi'i 
"Stress"  program  is  being  utilized.  For  "liOSCOV/"  it 
was  considered  that  a  two-dimensional  analysis 
would  not  be  a  true  representation  of  the  structure 
under  load  and  accordingly  this  is  being  analysed 
by  the  use  of  the  three-dimensional  IBM  program  "Fran 

It  should  be  noted  that  for  both  these  programs 
elastic  theory  is  assui;;ed.  Bending  moments,  axial 
loadings  and  shear  are  produced  by  the  programs  and 
these  are  presently  being  analysed. 

When  calculating  the  inertias  and  moduli  of  the 
members  an  allowance  was  irnde  for  the  attached  saell, 
deck  or  bulkhead.  Jhe  programs,  hov;evor,  assume  an 
open  grillage  franeworl-:  v/ith  all  the  load  taken  by 
the  framework  and  none  taken  by  the  attached  shell, 
acting  as  a  support  between  bulkheads  and  decks. 

In  both  cases  a  uniform  pressure  of  400  p.s.i. 
was  assumed  each  with  two  conditions  of  loading 
10  feet  wide,  the  first  condition  being  at  or  about 
the  load  waterline,  the  second  condition  being  about 
10  feet  below  the  first. 

A  simple  two-dimensional  analysis  has  also  been 
made  of  the  Canadian  icebreaker  "LOUIS  S.  ST.  LAURENT 
which  is  based  on  the  sa  e  structural  philosophy 
adopted  for  "MOSCOW".  The  purpose  of  this  auialysis 
is  to  determine  a  simple  basis  for  comparing  the 
strength  of  other  icebreakers  of  similar  type  but  of 
different  dimensions  under  fixed  loads. 

The  results  of  the  above  analyses  are  the 
subject  of  a  separate  report  aind  will  be  forwarded 
later. 
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6.  Kecommondations  for  ConcluGion  of  Study 

Depending  upon  the  outcome  of  the  structural 
analyses  of  "GLACiER"  and  "i-iCGCOV/"  a  recommended 
structural  philosophy  v/ill  be  riven. 

Comparisons  of  a  preneral  nature  with  some 
icebreakers  built  to  Lloya's  '.'e  later  Class  will  be 
made.  These  will  be  examinoa  uain~  relatively 
simple  beam  theory  wit;h  certain  assumptions  made 
reGardine  fixity  will  serve  mainly  to  see  if 
there  is  a  general  papter.i  in  icebreaker  st;:' -ctures . 

An  investi, ;as ion  wil^i  be  carried  out  to  se>;er.r.ine 
the  effect  on  ssrucpurc  wici  alteration  in  aspeco  ratio 
bearing  in  mind  the  practical  limitations  of 
construction,  l-'or  this  yiart  of  the  study  it  -uoalu  be 
desirable  to  have  the  spacin  s  of  decks  a.-.a  caliu.oaus 
of  the  U.n.C.G.  pra.-,osal.  i-rom  this  stud,,  a  3t*vcuural 
effectiveness  will  be  .yivon  v;ith  each  change  in  a^  .^ct 
ratio  based  on  stress  levels,  v.'eiyht  and  cost  of  c’-.cn 
modification,  ■./ith  reyard  to  cost,  this  v;oul.a  uv 
confined  to  the  total  wei  i;t  of  shell  an<.^  ocructure- 
within  a  finite  area  a..d  tae  number  of  ite  r,  me 
joints  within  this  area  ariU  will,  therefore,  oe  only 
of  a  comparative  nature. 

The  resi*lts  of  this  irv  stiGU-tion,  coupled  v;itn 
the  knowledge  gained  and  in^Lormation  given  throu  hout 
the  study  will  form  the  basis  of  a  recotimended 
structural  design  for  the  b.G.C.G.  polar  icebreaker 
in  association  with  the  proposed  general  arrangement . 

It  is  necessary  for  the  U.b.C.G.  to  provide 
final  ice  load  criteria. 
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